Objective: This pilot study tested whether maternal feeding attitudes and styles towards children are part of the 'shared' or 'non-shared' home environment. A secondary aim was to test whether within-family differences in maternal feeding attitudes and styles relate to within-family differences in child weight status. Methods: Mothers of 3-to 7-year-old sibling pairs (N ¼ 15 pairs) completed the Child Feeding Questionnaire (CFQ), which assessed feeding attitudes (perceived responsibility, perceived child overweight and child weight concern) and feeding styles (monitoring, restriction and pressure to eat) towards children. Mothers rated each sibling separately. Child weight and height were measured and converted to body mass index (BMI) z-scores. Intraclass correlations tested the familial associations for each CFQ subscale. Pearson's correlations tested whether within-family differences in CFQ subscales were related to within-family differences in child BMI z-scores. Results: Perceived responsibility (r ¼ 0.77, P ¼ 0.0004), perceived child overweight (r ¼ 0.99, Po0.0001) and monitoring (r ¼ 0.57, P ¼ 0.01) showed significant familial correlations. Mothers reported significantly greater weight concern (r ¼ 0.85, P ¼ 0.02) and reduced pressure to eat (r ¼ À0.80, P ¼ 0.03) towards heavier than thinner children within families. Conclusion: Whether or not maternal feeding practices are shared or non-shared components of the home environment depends on the specific feeding domain being measured. Restrictive feeding practices and encouragements to eat by mothers might be tested as non-shared environmental variables in genetics studies of childhood obesity.
Introduction
Childhood obesity is a complex disorder resulting from genetic influences, as well as environmental influences that are uncorrelated or 'unshared' among siblings in the same household.
1,2 These unique life experiences, including differential treatment by parents or peers, impact on energy balance and ultimately contribute to differences in siblings' weight status. Specific non-shared environmental influences on childhood obesity have not been identified in the literature. 1 Therefore, identifying non-shared environmental experiences is important for understanding environmental influences on childhood obesity, and possibly for devising novel overweight prevention strategies. Parental feeding restriction predicts overeating and excess weight gain in children. 3 Restrictive feeding styles may impede children's ability to self-regulate energy intake 4 or promote eating in the absence of hunger, 5, 6 either of which could promote overweight. However, not all studies have found significant associations between parental feeding practices and child body weight. 7, 8 The discrepancy between these findings may relate to methodological differences across studies, including differences in sample size, age of subjects and measurement of parental feeding practices. 9 A key question for evaluating the putative causal influences of parental feeding attitudes and styles on child body weight is whether or not these experiences are 'shared' by siblings in the same household? Greater support for a causal influence could be established if (a) mothers differed in their feeding attitudes and styles within families, and (b) withinfamily differences in feeding attitudes and styles were related to within-family differences in child body weight. Most investigations to date have studied singletons rather than siblings or twins; hence, these studies could not evaluate the extent to which feeding practices are correlated within families.
To our knowledge, only two studies have addressed these questions using genetically related children. Saelens et al. 10 reported a significant familial correlation for parental control over child eating, but not for concern about child weight in 18 sibling pairs that were discordant for obesity status. Parents reported greater weight concern for the obese sibling than for the non-obese sibling. Wardle et al. 8 reported that parents of 3-to 5-year-old twins were similar towards their children with respect to the use of control over feeding, emotional use of food, encouragements/prompting and instrumental use of food. Hence, existing data would suggest that parental feeding styles are similar for children in the same household. On the other hand, prior studies did not use the revised Child Feeding Questionnaire (CFQ), 11 which measures other feeding styles (restriction, monitoring and pressure to eat) and attitudes (perceived responsibility for child weight, perceived child overweight and concern over child weight). The CFQ has been validated and used extensively in recent studies. 5, 6, 12 It is conceivable that family correlations might exist for some CFQ subscales but not others. The primary aim of this pilot study was to test the family correlations for maternal feeding attitudes and styles, measured by the revised CFQ, in mothers of 3-to 7-yearold siblings. Establishing which CFQ subscales are shared vs non-shared environmental variables, and generating effect sizes, can guide the design of larger behavioral genetics studies addressing the environmental origins of childhood obesity. A secondary aim, conducted in a subgroup of families, was to test whether within-family differences in maternal feeding attitudes and styles relate to within-family differences in child body mass index (BMI) z-scores. Based on prior research, 5, 11, 13 we predicted that mothers would report greater weight concern, greater restriction of eating and reduced monitoring towards siblings who were heavier.
Materials and methods

Subjects
Subjects were 15 pairs of 3-to 7-year-old siblings and their mothers who participated in a larger study testing the familiality of child eating behavior. 14 Participants responded to newspaper advertisements or fliers soliciting families with young children for a 'child nutrition study,' the goal of which was to test the determinants of children's food preferences and eating habits. We recruited 3-to 7-year old siblings who were within 3 years of age, healthy and free of food allergies that would preclude participation. No restrictions were made with respect to child or parent weight status.
Procedures
Families made two visits to the laboratory to participate in an energy compensation study, the details of which have been reported elsewhere. 14 Each laboratory visit lasted approximately 90 min, from B1130 to 1300 hours. We gave mothers instructions that children should not eat for at least 2 h before coming to the laboratory. During visit 1, mothers signed the informed consent and completed the CFQ, 11 to evaluate feeding attitudes and styles. While mothers were completing the questionnaire, the children consumed a cherry drink preload, followed 25 min later by a standard lunch. 14 Visit 2 was identical to the first visit with a few exceptions. Parents were not given questionnaires to complete, and, following lunch, children's weights and heights were measured. This study was approved by the Institutional Review Board of St Luke's-Roosevelt Hospital.
Measures
Maternal feeding attitudes and styles. Maternal feeding attitudes and styles towards each child within the family were measured by the CFQ. 11 The following three feeding attitudes were evaluated: perceived child weight -parents' perceptions of their child's weight status; child weight concern -parents' concerns about their child's weight; perceived responsibility -parents' beliefs about responsibility for feeding their child. The following three feeding styles were evaluated: restriction -the extent to which parents attempt to restrict their child's eating during meals; pressure to eat -parents' inclination to pressure their child to consume more food; monitoring -the degree to which parents monitor their child's eating.
BMI z-score. Children's weights and heights were measured by digital scale and stadiometer, respectively, and converted to BMI (kg/m 2 ). Body mass index values, in turn, were converted to BMI z-scores. 15 Because this was a pilot study primarily aimed at investigating feedings styles, weight and height were not required of, nor necessarily collected on, all participating children. Nine young children did not want to be weighed. These children were not included in the analyses looking at the associations between within-family differences in feeding style and within-family differences in BMI z-score.
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In addition to child weight measures, mothers selfreported their own height, weight and age. The height and weight measures were converted to BMI values for use in the analyses.
Statistical analyses. Descriptive data are presented as means and standard deviations. The familial correlations of maternal feeding attitudes and styles were estimated by an intraclass correlation coefficient (r), 16 which quantifies variation between families relative to total variation. Higher r scores (approaching 1) imply a stronger familial resemblance. Pearson's correlations tested the association of CFQ subscale scores with maternal age and BMI. As in prior studies, 8 we conducted separate analyses for siblings within families (i.e., sibling groups 1 and 2) in order to avoid a dependency in the data structure owing to familial relatedness. To address our secondary research question, we correlated within-family differences in CFQ subscales with within-family differences in child BMI z-scores. We conducted these analyses only for CFQ subscales that failed to show a significant familial correlation. For all analyses, we set a ¼ 0.05 and conducted a two-tailed significance test. Familiality of CFQ subscales and child BMI z-score With respect to maternal feeding attitudes, there was a significant familial correlation for perceived responsibility (r ¼ 0.76, P ¼ 0.0004) and perceived child overweight (r ¼ 0.99, Po0.0001). With respect to maternal feeding styles, only monitoring showed a significant familial correlation (r ¼ 0.57, P ¼ 0.01) ( Table 3 ). BMI z-score was not significantly correlated among siblings (r ¼ À0.29, P ¼ 0.77).
Results
Sample characteristics
Child correlates of within-family differences in maternal feeding attitudes and styles Within-family differences in child BMI z-score were significantly associated with within-family differences in maternal concern over child weight (r ¼ 0.85, P ¼ 0.02) and maternal Feeding styles, attitudes and child overweight KL Keller et al pressure to eat (r ¼ À0.80, P ¼ 0.03); hence, mothers reported greater concern about the weight of their heavier child than about the weight of their thinner child, and reported less pressure to eat towards their heavier child than towards their thinner child. Within-family differences in child BMI z-score were not significantly associated with within-family differences in maternal feeding restriction; however, the tendency for mothers to restrict the eating of their heavier child more than the eating of their thinner child corresponded to a large effect size (r ¼ 0.64, P ¼ 0.17).
Associations among maternal age, BMI and feeding attitudes and styles Heavier (Po0.01) and older (Po0.05) mothers were more likely to perceive children as being heavier than thinner and younger mothers, in both designated sibling groups (Table 4) . Heavier mothers were more likely to monitor children's fat intake in sibling group 1 (Po0.05), but not in sibling group 2 (P ¼ 0.15). Older mothers were also more likely to monitor children's fat intake than younger mothers in sibling group 2 (Po0.005), but not in sibling group 1 (P ¼ 0.11).
Discussion
The family environment is believed to contribute to the etiology of childhood obesity. 17 Behavior genetic studies refined this notion, suggesting that the environmental experiences that make children vary in weight status are primarily those that differ among children in the same family. Although this was a pilot study and results should be considered preliminary, the findings suggest that whether maternal feeding attitudes and styles comprise part of the 'non-shared' environment depends on the domain being measured. Perceived responsibility for child feeding, perceived child overweight and monitoring of child eating showed significant familial correlations, suggesting that these parenting domains may comprise part of the 'common' home environment. By contrast, mothers differentially pressured their children to eat, exhibited different levels of weight concern towards their children and showed a tendency to differentially restrict their children's intake. Hence, specific feeding attitudes and styles differ in their familial associations. Studies focusing on shared vs nonshared environmental influences on childhood obesity, therefore, should carefully attend to the specific feeding domain being measured. There were strong family correlations for perceived responsibility, perceived child overweight and monitoring of child eating, despite the lack of familial correlation for concern with child overweight. These intriguing findings suggest that, although parents generally perceive their siblings to be similar in terms of weight status, they show different levels of concern for child weight. Follow-up analyses elucidated this relationship to further suggest that the different levels of concern that mothers reported for child weight were positively related to actual differences in body weight between siblings. Thus, although mothers may perceive their children to be at relatively similar degrees of over-or underweight, they still may have greater concern for the heavier child, as measured by the CFQ.
It is noteworthy that mothers reported such a high degree of similarity in their perceptions of child overweight, given the divergence of BMI z-scores among siblings in the present sample. Indeed, all but one mother reported that they perceived their children to be at the same level of overweight. One possible explanation is that parents may not necessarily define child 'overweight' in terms of BMI per se.
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There is evidence that some parents are more inclined to consider their child overweight if he or she is teased, inactive or has trouble fitting into age-appropriate clothes. 19, 20 Thus, even if two siblings are quite different in actual weight status, as measured by BMI z-score, parents may not necessarily perceive them as differentially 'overweight' if applying the aforementioned criteria. A second possibility is that parents may be reluctant to state anything negative about their children, such as that they are over-or underweight (S Johnson, unpublished data). Given the degree to which child overweight is stigmatized, mothers may especially be reluctant to report differences in the way they perceive their children's body weights. This could introduce a source of bias in studies of the non-shared environment and has been documented previously in the behavior genetics literature. 21 Mothers can be reluctant to reveal that they treat children differently, even as a function of characteristics such as age or gender. 21 This potential methodological challenge should be addressed in future studies of the non-shared environment.
A secondary aim of this study was to test whether withinfamily differences in feeding styles and attitudes relate to differences in siblings' body weights. Among a subgroup of siblings on whom height and weight were measured, withinfamily differences in child BMI z-score were significantly associated with within-family differences in maternal pressure to eat (P ¼ 0.03) and concern over child weight Feeding styles, attitudes and child overweight KL Keller et al (P ¼ 0.02). Because a sibling design was used, these analyses controlled for aspects of the shared home environment that might otherwise have influenced the correlation (e.g., parental income and education). Mothers were more likely to pressure thinner siblings than heavier siblings to eat, which replicates findings from studies using unrelated children. 12, 22 Mothers were likely responding to the reduced weight of the thinner child who may have been perceived as being too underweight compared to his or her heavier sibling. The findings of Baughcum et al. 7 reveal that mothers view heavier children as being healthier and that this reflects well on their parenting skills. Indeed, caregivers may be more concerned about failure to thrive than overweight in their children, 23 and our findings suggest that parents might even be attentive to these differences among their children. Within-family differences in feeding restriction were not associated with within-family differences in child weight status, an unexpected finding in the light of previous studies. 13 The null finding, in part, may reflect limited statistical power, because the estimated effect size (r ¼ 0.64) is large according to Cohen's 24 criteria. Approximately, 40% of the variance in differential feeding restriction was accounted for by differential child weight status, an association that would have attained power with B17 sibling pairs (based on post hoc power analysis). On the other hand, the true association may be a null one, which needs to be addressed in subsequent studies. The fact that BMI z-scores did not show significant familial correlations lends indirect support to the notion that mothers would have differential ratings for some subscales on the CFQ, especially concern for child weight or pressure to eat. A mother might have more concern for an overweight child than a normal weight child, or might pressure an underweight child to eat more so than an overweight child. If siblings in the present sample were very similar in weight status, we would have been less likely to observe associations between differential maternal feeding styles and differences in siblings' BMI z-scores. At the same time, the nonsignificant association within families for BMI z-score clearly reflects the small sample size in this study. Given a reasonably large sample size, sibling associations for weight status would be expected to reach significance. 25 These present findings differ from those reported by Saelens et al., 10 who found that parents of lean and obese siblings did not report significantly greater feeding control towards the obese child. These discrepant findings may be owing to several factors. Saelens et al. 10 used the original CFQ that measured general feeding control as opposed to the specific domains measured by the revised CFQ. In addition, they studied 7-to 12-year-old children. It is possible that the association between parental feeding style and child weight status is age-dependent, as school-aged children's eating habits can be influenced by their peers. 26 Perceived level of child overweight and monitoring of child intake were correlated with increased maternal BMI and reduced maternal age. These findings are inconsistent with those reported by Wardle et al., 8 who found that obese mothers reported less control over their children's intake than did lean mothers. The low sample size of our study is a possible reason for this difference. Younger mothers reported higher perceived overweight and use of monitoring as a feeding style. These findings reveal that both mother and child characteristics may drive parental feeding attitudes and styles, and follow-up investigations using larger sample sizes are warranted to more fully investigate these relationships. This study had several limitations. The first is our small sample size, which has limited power, especially for secondary analyses. With this small sample, it was not possible to assess whether maternal attitudes and styles differed with other child characteristics, such as child age or gender, or to control for these factors in analyses of child BMI z-score. Second, we did not measure eating in the absence of hunger, which has been the focus of recent investigations into the behavioral components of pediatric obesity. 5, 6 It would be interesting to test whether within-family differences in feeding styles relate to within-families differences in eating in the absence of hunger. Third, we relied solely upon parent-report methods to evaluate feeding attitudes and styles. Despite these limitations, several significant associations were observed for our main and exploratory questions. The possibility of 'Type II error' cannot be excluded; however, the findings may reflect genuinely large effect size phenomena.
The primary strength of the study was its use of a family design to examine familial patterns of maternal feeding attitudes and styles. Most existing studies in this literature have examined singletons. A second strength of the study was the ethnic diversity of the families, as over two-thirds of the subjects were non-Caucasian. Study designs that look at differences between feeding styles of African-American, Caucasian, Hispanic and other ethnic groups are necessary to fully understand the influence of culture on these behaviors. 27 In sum and within the limits of this study, maternal perceived responsibility for child feeding, perception of child overweight and monitoring of child fat intake appear to be components of the shared home environment, whereas maternal concerns about child weight, restriction of child eating and encouragement of child eating appear to be components of the non-shared environment. Differences in the maternal concern about child weight and eating encouragements are associated with differences in sibling weight status. The cross-sectional nature of these data cannot disentangle cause and effect, an issue of importance for future research. Longitudinal studies that track children over time and across development will be critical for this, along with studies using genetically informative designs. Furthermore, because of the limited sample size, conclusions from this study should be treated as preliminary findings for future studies designed to test the influence of non-shared environmental factors on child feeding and body weight.
In terms of clinical implications, pediatricians should note that parents do not necessarily feed their children in the Feeding styles, attitudes and child overweight KL Keller et al same manner. It may be mistaken to presume that parents have single feeding strategies for all children and do not adapt to specific child attributes. Understanding parental perceptions of family feeding dynamics at home and how these may relate to child weight control may be important when discussing overweight prevention strategies with families.
